
Thermonuclear burning on rapidly 
accreting neutron stars

Manu Linares (MIT)
Chakrabarty, Altamirano, Cumming, Keek, et al.

“16 years of discovery with RXTE”, GSFC, 2012/03/30



and when you think you’ve seen it all…

RXTE has revolutionized our understanding of 

thermonuclear bursts on neutron stars



Burning regimes (a shell flash in a nutshell)

•Unstable H burning:
mdot/mEdd<0.01

Thermally unstable H burning.

•Pure He ignition: 
0.01<mdot/mEdd<0.04

He ignites in the absence of H.

•Mixed H/He ignition: 
0.04<mdot/mEdd<1

He ignites in a mix of H&He.

•Stable H&He burning: 
mdot/mEdd>1

Both H and He burn stably. No bursts.

mdot=accreted mass/time/area
(Eddington-normalized: mdot/mEdd)
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Pic: Horowitz; Refs: Woosley & Taam (1976); Fujimoto ea (1981); Taam 
(1981); Bildsten (1998); Cumming & Bildsten (2000); Woosley ea (2004)

 Burst rate should increase with 
increasing mdot up to stable burning at 

~100%Edd



Bursting regimes (observational status until 2010)

Where are the bursts at mdot > 10%Edd??

Cornelisse ea (2003); Galloway ea (2008)



T5X2: smooth burst evolution

Bordas+ (2010); Linares+ (2010,2012); Strohmayer+ (2010); Papitto+ (2010); Motta+ (2011); Chakraborty+ (2011)

New burster in Terzan 5: T5X2 = IGR J17480-2446

11 Hz X-ray pulsar in a ~21hr orbit. Smooth transition: bursts-mHz QPO-bursts!

10% Edd

50% EddmHz QPOs



T5X2 vs. burning regimes

•Unstable H burning:
mdot/mEdd<0.01

Thermally unstable H burning.

•Pure He ignition: 
0.01<mdot/mEdd<0.04

He ignites in the absence of H.

•Mixed H/He ignition: 
0.04<mdot/mEdd<1

He ignites in a mix of H&He.

•Stable H&He burning: 
mdot/mEdd>1

Both H and He burn stably. No bursts.

mdot=accreted mass/time/area
(Eddington-normalized: mdot/mEdd)
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Pic: Horowitz; Refs: Woosley & Taam (1976); Fujimoto ea (1981); Taam 
(1981); Bildsten (1998); Cumming & Bildsten (2000); Woosley ea (2004)

Marginally stable burning!

He   H/He ignition transition!

Previous (atoll) mHz QPOs?(Revnivtsev’01)



T5X2: bursting by the book



T5X2: bridging the gap

B needed to stabilize burning (below 0.5 LEdd) is at least ~1010 G. 

Did we underestimate influence of fast spin on burning regimes?

B and spin between typical LMXB and HMXB values:

B
ild

st
en

 e
t a

l. 
 (

19
97

);
 C

ab
al

le
ro

 &
 W

ilm
s 

(2
01

1)
; 

Pa
pi

tto
 e

t a
l. 

(2
01

1)
; M

ill
er

 e
t a

l. 
(2

01
1)



Unprecedented thermonuclear burst behavior from Terzan 5:

• mHz QPOs close to the expected stability boundary

• Qualitative agreement with theory  low spin?

• Quantitative discrepancy with theory  extra heat?

Millihertz Quasi-periodic Oscillations and Thermonuclear Bursts from Terzan 5: 

A Showcase of Burning Regimes (Linares et al. 2012, ApJ, 748, 82)

RXTE kept surprising us 15 years after launch  Future is bright!!

Summary & Conclusions
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